Objective: The prevalence of nonalcoholic fatty liver disease (NAFLD) has been rapidly increased, becoming a public health problem worldwide. Our objective was to investigate the association between urine retinol-binding protein (RBP) and NAFLD in a Chinese population and develop a multivariate logistic regression model for NAFLD prediction.
in peripheral tissue, unbound form of RBP is freely filtered by the renal glomeruli, which is virtually completely reabsorbed and broken down by megalin/cubilin-receptor-mediated endocytosis by proximal tubule epithelial cells. Schina et al found that NAFLD subjects had significant lower level of serum RBP than controls. 10 However, the opposite results showed no statistical difference in serum RBP level between subjects with or without NAFLD. 11, 12 Despite of conflicting outcomes, the role of serum RBP in NAFLD was widely investigated. [13] [14] [15] [16] [17] Currently, no studies explored the association between urine RBP and NAFLD.
Therefore, we conducted a retrospective cross-sectional study with the aim to investigate the change of urine RBP level [expressed by RBP/creatinine ratio (RCR)] in ultrasonography proven NAFLD subjects with normal-range estimated glomerular filtration rate (eGFR) on a large Chinese population. We hypothesized that the analysis of urine RCR, along with anthropometric information (sex and age), makers of hepatocellular damage (alanine aminotransferase, ALT; aspartate aminotransferase, AST; gamma-glutamyltransferase, GGT; uric acid, UA) and metabolic factors (body mass index, BMI; systolic blood pressure, SBP; diastolic blood pressure, DBP; triglyceride, TG; high-density lipoproteins cholesterol, HDL-C) would give us a better understanding of the association between urine RBP and NAFLD as well as the NAFLD prediction capacity of urine RBP.
| METHODS

| Subjects
The participants enrolled in the study were from those who received Group of the Chinese Liver Disease Association. 18 We excluded the following subjects: (i) those with alcohol consumption >140 g/wk for men and 70 g/wk for women; (ii) the history and/or laboratory evidences of viral hepatitis, autoimmune hepatitis, drug-induced liver disease or other forms of chronic liver disease and other causes of obtained from all the subjects before participation. The guideline from the STROBE statement was followed in the stage of study design and manuscript preparation. 
| Laboratory assessment
Systolic blood pressure and DBP were measured by the same sphygmomanometer. Height and weight were measured after removing shoes and bulky clothing and other factors which may influence the accuracy of measurement. BMI is calculated as weight in kilogram divided by the square of height in meter. A Toshiba Nemio 20 sonography machine with a 3.5-MHz probe (Toshiba, Tokyo, Japan) was used for liver ultrasound examinations when defining NAFLD patients. Given the subjects are from the population for routine health check, ultrasound is more practical with acceptable power of diagnosis. 18 Liver ultrasound examinations were performed by a single experienced radiologist blinded to the clinical and laboratory data.
After 12 hours of overnight fasting, blood and urine samples were obtained from each participant. All samples were analyzed within 1-2 hours after collection without freezing. The quantitative determination of RBP levels was assessed using latex particle-enhanced immune-turbidimetric assay by a commercial assay kit (Chongqing Zhongyuan Biotechnology Limited Company, Chongqing, China). In brief, RBP in urine binds to the specific anti-RBP antibody, which is coated on latex particles, and causes agglutination. The coefficients of variation were <6% and 8% for inter-assay and intra-assay, 
| Statistical analysis
Statistical analysis was performed using SPSS, version 16 (SPSS, 
| Ethics statement
The study was approved by the ethics committee of the first affiliated hospital, school of medicine, Zhejiang University in China and conducted in accordance with the Helsinki Declaration.
| RESULTS
| Characteristics of subjects
A total of 708 subjects were chosen for evaluation, including 317 NAFLD patients and 391 healthy controls. Biographical information and laboratory characteristics of subjects enrolled in the study were illustrated in Table 1 . There was no significant difference between NAFLD patients and healthy controls in age. However, compared with healthy controls, SBP, DBP, BMI, ALT, AST, GGT, UA, and TG were significantly increased, while HDL-C was significantly decreased in NAFLD patients. As expected, urine RBP/creatinine ratio in NAFLD patients was significantly higher than that in controls (median 133.1 mg/g vs 110.7 mg/g; P < .001).
| Association between urine RBP/creatinine ratio and NAFLD
To get a better understanding of the relationship between urine RBP/ creatinine ratio and NAFLD, we used multivariate logistic regression with forward selection to analyze the odds and P values. According to the results in Table 1 , we put age, sex, SBP, DBP, BMI, ALT, AST, GGT, UA, TG, HDL-C, and urine RBP/creatinine ratio into the multivariate logistic regression analysis. The results before and after adjustments in multivariate logistic regression model were shown in Table 2 . The P value for RBP/creatinine ratio in NAFLD prediction was <.001. After sequential addition of those above mentioned factors, the P values were always <.001. This result suggested that urine urinary RBP/creatinine ratio was an independent factor for NAFLD prediction.
| Optimizing the predictive model for NAFLD
To form a more practical model for early predicting NAFLD, we prefer to include the parameters that are painless and noninvasive. Therefore, we eliminated invasive sera parameters, including ALT, AST, GGT, UA, TG, and HDL-C. In detail, we utilized the multivariate logistic regression analysis with the remained parameters, 
| DISCUSSION
In the current study from a large Chinese population, we provided evidence that NAFLD subjects even with normal-range eGFR had a higher urinary RBP/creatinine ratio. The results also indicated that urine RBP/creatinine ratio was an independent risk factor for NAFLD.
Finally, we established a predictive model for NAFLD by utilizing BMI and urine RBP/creatinine ratio with a high sensitivity and specificity of 81.1% and 84.5%, respectively.
To our knowledge, our study is the first to demonstrate a significant correlation between urinary RBP/creatinine ratio and NAFLD.
The underlying mechanism by which RBP/creatinine ratio interacts with NAFLD remained unclear, but several intertwined pathways were proposed. Firstly, previous studies suggested that serum RBP was correlated to NAFLD. 10,13,14 NAFLD is reported to be associated with genetic, environmental, and metabolic factors. [20] [21] [22] [23] [24] [25] Currently, insulin resistance is regarded to play central role in NAFLD while elevated serum RBP levels were found in insulin-resistance mice and humans, indicating its potential role in NAFLD. 2, 26, 27 Serum RBP can promote hepatic steatosis by inducing hepatic mitochondrial dysfunction. 28 Besides, Yang et al suggested that there might be retinol-independent mechanisms for RBP through influencing insulin resistance. 27 The other possible mechanism linking the increased urine RBP levels with NAFLD is the inflammatory response T A B L E 1 Anthropometric and biochemical features of the study subjects during the "second hit" phase of NAFLD pathogenesis. A heterogeneous class of pro-inflammatory adipokines and hepatokines such as tumor necrosis factor (TNF)-α and interleukin-6 (IL-6) can modulate reversed renal lipid accumulation, glomerular sclerosis, and tubulointerstitial inflammation. [29] [30] [31] Given that NAFLD has become a public health problem all over the world, its diagnosis should be made early, safely, timeefficiently, and cost-effectively. The accuracy and safety are under fierce discussion despite of several expression patterns reported for the diagnosis of NAFLD. 32, 33 Compared with serum RBP, the use of urine RBP benefits more. 34 Firstly, the diagnosis of NAFLD in its early stage is of clinical importance, since NAFLD patients may sequentially progress from simple steatosis into NASH, cirrhosis, and even hepatocellular carcinoma. 35, 36 Especially, most sensitive, but not specific for NAFLD diagnosis and prediction. It must be confirmed in further prospective cohort studies to achieve better diagnostic accuracy.
Several limitations exist in our study that should be acknowledged. Firstly, RBP/creatinine ratio could not be reviewed in patients with different stages of NAFLD. Because the diagnosis of NAFLD was based on ultrasonographic examination in our study, which is not sensitive enough to grade and stage the NASH or NASH with advanced fibrosis. Secondly, we did not test serum RBP and the remaining kidney injury biomarkers and would be compensated in future larger cohort study. Thirdly, only Chinese population was analyzed in this study. According to genetic or environmental susceptibility, different population should be included when conducting a prospective study to verify the relationship between RBP and NAFLD. Further mechanistic study is needed to explore their precise interrelationship.
| CONCLUSIONS
It is the first study reporting the relationship between urine RBP/creatinine ratio and NAFLD. The results demonstrated that urine RBP/ creatinine ratio was an independent risk factor for NAFLD diagnosis.
Furthermore, a predictive model is established with high sensitivity and specificity. It is a safe, time-efficient and cost-effective tool for NAFLD prediction. Future researches on the mechanism of NAFLD are urgently needed for better NAFLD diagnosis, treatment, and prognosis.
ACKNOWLEDGMENTS
We thank Dr. Ying Fei for providing guidance and support.
CONFLICT OF INTEREST
The authors declare that there is no conflict of interest. This study is supported by the National Natural Science Foundation of China (81370008 and 81000169), and the Natural Science Foundation of Zhejiang province (R2110159, LY16H030003 and LY17H030007).
The funding sources had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.
AUTHORS' CONTRIBUTIONS
J.Z and Z.L performed the majority of data collection and partial analysis; X.Z and L.Z carried out major data analysis and statistic analysis; X.J designed the study and wrote the manuscript. All authors reviewed the manuscript.
ORCID
Xi Jin
http://orcid.org/0000-0002-0296-2516
